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Background: Adipocyte-specific fatty acid-binding protein (A-FABP) is a cytoplasmic protein expressed in macrophages and 
adipocytes and it plays a role in insulin resistance and metabolic syndrome. Recently, the fatty liver index (FLI) was introduced 
as an indicator of nonalcoholic fatty liver disease (NAFLD). In this study, we aimed to investigate the relationship between base- 
line serum A-FABP levels and FLI after 4 years in apparently healthy subjects. 

Methods: A total of 238 subjects without a past history of alcoholism or hepatitis were recruited from a medical check-up pro- 
gram. The NAFLD state was evaluated 4 years later in the same subjects using FLI. Fatty liver disease was diagnosed as diffusely 
increased echogenicity of the hepatic parenchyma compared to the kidneys, vascular blurring, and deep-echo attenuation. 
NAFLD was defined as subjects with fatty liver and no history of alcohol consumption (>20 g/day). 

Results: Baseline serum A-FABP levels were significantly associated with FLI after adjustment for age and sex (P<0.001). The 
subjects with higher A-FABP levels had a higher mean FLI (P for trend= 0.006). After adjusting for age and sex, serum A-FABP 
levels at baseline were shown to be significantly associated with FLI as a marker of development of NAFLD after 4 years (odds 
ratio, 2.68; 95% confidence interval, 1.24 to 5.80 for highest tertile vs. lowest tertile; P=0.012). 

Conclusion: This study demonstrated that higher baseline serum A-FABP levels were associated with FLI as a predictive indica- 
tor of NAFLD after 4 years of follow-up in healthy Korean adults. 
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INTRODUCTION 

Adipocyte-specific fatty acid-binding protein (A-FABP, 
FABP4, or aP2) is a cytoplasmic protein expressed in macro- 
phages and adipocytes. It has been reported that A-FABP is a 
serum marker involved in metabolic disorders such as meta- 
bolic syndrome, type 2 diabetes and atherosclerosis, although 



its functional mechanisms are not fully understood [1-3]. 

There are some reports on the association between A-FABP 
and nonalcoholic fatty liver disease (NAFLD) in humans [4]. A 
liver biopsy is the definitive method for diagnosing NAFLD, 
but this technique is an invasive procedure and is not complete- 
ly precise due to sampling variability. Thus some proxy mark- 
ers of NAFLD have been reported. Recently, some experts 
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have introduced new noninvasive diagnostic tools for NAFLD, 
the fatty liver index (FLI) [5] and the NAFLD fatty liver score 
[6,7]. FLI uses an equation with y-glutamyltransferase (GGT), 
triglycerides, body mass index (BMI), and waist circumfer- 
ence. The score ranges from 0 and 100 and estimates the per- 
centage chance of having fatty liver disease. According to the 
study by Bedogni et al. [5], FLI <30 rules out fatty liver as de- 
tected by ultrasonography. In a study of a population with pre- 
vious gestational diabetes mellitus, Bozkurt et al. [8] found a 
significant correlation between FLI and hepatocellular lipid 
content as measured by 'H-magnetic resonance spectroscopy 
(r=0.70; P<0.001; R 2 =0.47). In our study, we divided the 
study subjects into two groups using an FLI of 30 as the cutoff 
value on the basis of Bedogni's criterion. 

To our knowledge, there have been few studies that have as- 
sessed whether FLI is related to A-FABP or other metabolic 
markers. The aim of this study was to investigate the relation- 
ship between serum A-FABP and FLI as indicators of NAFLD 
in apparently healthy Korean subjects. We also investigated the 
associations of FLI with other metabolic markers. 

METHODS 
Study subjects 

This study included 238 healthy subjects who participated in a 
medical check-up program at Kangbuk Samsung Hospital, 
Seoul, Korea in 2003 and followed up in 2007. Subjects with 
viral hepatitis B, hepatitis C, another liver disease, or excessive 
alcohol consumption (>20 g/day) were excluded. Alcohol in- 
take and medical past history were assessed by chart review 
and questionnaire. The study protocol was approved by the In- 
stitutional Review Board and the Ethics Committee of the 
Kangbuk Samsung Hospital and was carried out according to 
the principles of the 1975 Declaration of Helsinki. Written in- 
formed consent was provided by all subjects. 

Anthropometric and biochemical data 

Systolic and diastolic blood pressures were measured in dupli- 
cate, and the results were averaged. BMI was calculated by di- 
viding the weight in kilograms by the square of the height (kg/ 
m 2 ). After 12 hours of overnight fasting, blood samples were 
collected for measuring plasma glucose, total cholesterol, tri- 
glycerides, low density lipoprotein cholesterol (LDL-C), high 
density lipoprotein cholesterol (HDL-C), fasting insulin, aspar- 
tate aminotransferase (AST), alanine aminotransferase (ALT), 
and GGT. Blood glucose levels were measured with the hexo- 
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kinase method, and lipid levels were measured using an enzy- 
matic colorimetric assay. AST, ALT, and GGT were measured 
using the modified International Federation of Clinical Chem- 
istry method. Except for the insulin level, all measurements 
were evaluated by the ADVIA- 1 800 autoanalyzer (Siemens, 
Berlin, Germany). Insulin levels were measured with an irnmu- 
noradiometric assay. The intra-assay coefficients of variation 
(CVs) were 1.5% to 2.1%, and the interassay CVs were 6.1% 
to 6.5%. 

The concentration of serum A-FABP was measured using an 
enzyme-linked immunosorbent assay method (Bio Vendor Lab- 
oratory Medicine, Modrice, Czech Republic). 

Definition of NAFLD 

All subjects had abdominal ultrasonography (Logic Q700 MR, 
GE, Milwaukee, WI, USA) performed by a radiologist. Fatty 
liver disease was diagnosed as diffusely increased echogenicity 
of the hepatic parenchyma compared to the kidneys, vascular 
blurring, and deep-echo attenuation [9,10]. NAFLD was de- 
fined as subjects with fatty liver disease and no history of ex- 
cessive alcohol consumption (>20 g/day). FLI is calculated as: 
(FLI =e L /(l +e L ) Xl00,L = 0.953X logeTriglycerides+0. 1 39 X 
BMI+0.718Xlog c GGT+0.053Xwaist circumference-15.745) 
[5]. In the current study, we divided the study subjects into two 
groups using an FLI of 30 as the cutoff value on the basis of 
Bedogni's criterion [5]. We calculated FLI again at the 4-year 
follow-up in 2007. 

Statistical analysis 

Statistical analyses were performed with SPSS version 18.0 
(IBM Co., Armonk, NY, USA). Correlations between A-FABP 
and FLI were analyzed with Spearman correlation method. 
Multiple logistic regression analysis was used to calculate the 
odds ratios for the presence of NAFLD according to A-FABP 
tertiles. P<0.05 was considered significant. 

RESULTS 

The subjects included 158 men (66.4%) and 80 women (33.6%), 
and the mean age was 42.8 years. Previously published studies 
suggested cutoff values for the FLI (i.e., FLI < 30 as a rule-out 
criterion for fatty liver) [5]. Our subjects were divided into two 
groups according to FLI in 2007 using a cutoff score of 30, 
with 152 subjects <30 and 86 subjects >30. The baseline char- 
acteristics of the subjects who were subsequently diagnosed 
with NAFLD by FLI >30 and the characteristics of subjects 
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Table 1. Baseline Characteristics of Subjects in 2003 Grouped 
by Fatty Liver Index 



Characteristic 


FLI <30 


FLI >30 


P value 


Age, yr 


42.88 + 7.14 


42.62 + 7.25 


0.785 


Sex, male/female 


76/76 


82/4 


<0.001 


BMI, kg/m 2 


22.20+2.36 


25.90+2.18 


<0.001 


SBP, mm Hg 


110.20+12.53 


116.05 + 10.88 


<0.001 


DBP, mm Hg 


70.33 + 9.31 


75.47 + 7.77 


<0.001 


Fasting blood 
glucose, mmol/L 


5.08+0.52 


5.33+0.52 


<0.001 


AST, U/L 


24.38+4.89 


29.91 + 13.64 


< 0.001 


ALT, U/L 


22.28 + 9.89 


35.87+26.01 


<0.001 


Fasting insulin, 
ulU/mL 


6.55 + 1.76 


8.23+2.67 


< 0.001 


Total cholesterol, 
mg/dL 


197.32 + 31.11 


212.43 + 33.25 


0.001 


Triglycerides, 
mg/dL 


102.41+47.71 


197.47+142.06 


< 0.001 


HDL-C, mg/dL 


56.64+10.66 


50.82 + 8.96 


<0.001 


LDL-C, mg/dL 


113.32 + 25.75 


120.83 + 28.30 


0.049 


A-FABP, ng/mL 


9.39+3.80 


10.31+4.31 


0.089 



Values are expressed as mean+SD. 

FLI, fatty liver index; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; AST, aspartate aminotrans- 
ferase; ALT, alanine aminotransferase; HDL-C, high density lipopro- 
tein cholesterol; LDL-C, low density lipoprotein cholesterol; A-FABP, 
adipocyte-specific fatty acid binding protein. 



with FLI <30 are shown in Table 1. As shown in Table 1, the 
mean ages of the group with FLI <30 (suggestive of non- 
NAFLD, i.e., normal) and the group with FLI >30 (suggestive 
of NAFLD) were not significantly different in 2003 ; however, 
the group with FLI >30 included a significantly higher propor- 
tion of male subjects (P<0.001). 

The parameters indicating metabolic syndrome such as sys- 
tolic blood pressure, diastolic blood pressure, fasting blood 
glucose, and triglycerides at baseline (in 2003) were signifi- 
cantly higher in the group with FLI >30 than the group with 
FLI <30 (P<0.001). In contrast, HDL-C levels were signifi- 
cantly lower in the group with FLI >30 (P<0.001). In addi- 
tion, LDL-C, total cholesterol, fasting insulin, AST level, and 
ALT level were significantly higher in the group with FLI >30 
(Table 1). 

We also investigated the correlations between FLI at the 
4-year follow-up and various baseline parameters, including A- 
FABP. In an unadjusted model, all parameters of metabolic 
markers had significant correlations with FLI. A-FABP also 



Table 2. Correlation between Fatty Liver Index and Different 
Parameters 





Model 1" 


Model 2 b 




/■ 


P value 


r 


P value 


SBP, mm Hg 


0.311 


<0.001 


0.031 


0.665 


DBP, mm Hg 


0.369 


<0.001 


0.101 


0.158 


Fasting blood 
glucose, mmol/L 


0.322 


<0.001 


0.111 


0.118 


AST, U/L 


0.296 


<0.001 


0.197 


0.002 


ALT, U/L 


0.538 


<0.001 


0.301 


< 0.001 


Fasting insulin, 
UlU/mL 


0.346 


<0.001 


0.361 


< 0.001 


Total cholesterol, 
mg/dL 


0.311 


<0.001 


0.179 


0.012 


HDL-C, mg/dL 


-0.353 


<0.001 


-0.188 


0.008 


LDL-C, mg/dL 


0.233 


0.001 


0.040 


0.577 


A-FABP, ng/mL 


0.216 


0.001 


0.286 


<0.001 



SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, as- 
partate aminotransferase; ALT, alanine aminotransferase; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cho- 
lesterol; A-FABP, adipocyte-specific fatty acid binding protein. 
"Model 1 , unadjusted; b Model 2, adjusted for age and sex. 
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Fig. 1. Association between adipocyte-specific fatty acid binding 
protein (A-FABP) tertile and fatty liver index (FLI) after adjusting 
for age and sex. Values are expressed as mean+SEM. 



had a positive correlation with FLI. The baseline serum A- 
FABP was significantly associated with FLI after adjusting for 
age and sex (P<0.001). After adjusting for age and sex, we 
found that AST, ALT, fasting insulin, total cholesterol, and 
HDL-C were significantly correlated with FLI (Table 2). The 
association between FLI and ultrasonographic findings of 
NAFLD was significant. The median value of FLI for NAFLD 
on ultrasonography was higher than the normal finding on ul- 
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Table 3. Multivariable Logistic Regression Analysis Showing Odds Ratios of Developing Nonalcoholic Fatty Liver Disease (Fatty 
Liver Index > 30) 



A-FABP 


Model 1" 




Model 2 b 




OR (95% CI) 


P value 


OR (95% CI) 


P value 


IstTertile, <7.69 ng/mL 


1.00 (referent) 




1.00 (referent) 




2ndTertile, 7.69-10.76 ng/mL 


2.23 (1.14-4.38) 


0.020 


2.27(1.08-4.79) 


0.032 


3rd Tertile, > 10.77 ng/mL 


1.97(1.00-3.87) 


0.050 


2.68(1.24-5.80) 


0.012 



A-FABP, adipocyte-specific fatty acid binding protein; OR, odds ratio; CI, confidence interval. 
"Model 1 , unadjusted; b Model 2, adjusted for age and sex. 



trasonography (26.05 [11.24 to 50.21] and 14.64 [4.79 to 
37.61] respectively; P=0.006; values expressed as median 
[25th to 75th percentiles]). 

When subjects were grouped into A-FABP tertiles, rising 
tertiles of A-FABP had significantly higher values of FLI even 
after adjusting for age and sex (P for trend <0.001) (Fig. 1). In 
the multiple logistic regression analysis with development of 
NAFLD defined by FLI greater than or equal to 30 as the de- 
pendent variable, the highest tertile of A-FABP had an in- 
creased likelihood of FLI >30 compared with the lowest tertile 
(odds ratio [OR], 1.97; P<0.05). After adjusting for age and 
sex, the OR for the risk of FLI >30 in the highest tertile of A- 
FABP maintained significance (OR, 2.68; P=0.012) (Table 3). 

DISCUSSION 

In this study, we found that serum A-FABP levels in healthy 
subjects are significantly associated with FLI and that there is a 
trend of increasing FLI score in proportion to serum A-FABP 
tertile. Subjects in the highest tertile of A-FABP were approxi- 
mately three times more likely to have NAFLD compared with 
those in the lowest tertile in multiple logistic regression analy- 
sis, with development of NAFLD defined by FLI greater than 
or equal to 30. 

Many studies have reported that A-FABP binds fatty acid li- 
gands and functions in the regulation of lipid metabolism and 
gene expression [11-13]. Cao and colleagues [14] demonstrated 
that ob/ob-aP2-mall -deficient mice were protected against fat- 
ty liver disease. Another study found that fatty infiltration of 
the liver was attenuated and total liver triglyceride content was 
reduced in aP2-inhibitor treated ob/ob mice [15]. In humans, 
there was one report about an association between A-FABP and 
fatty liver disease. Milner et al. [4] reported that increased se- 
rum A-FABP levels were a predictive factor for intrahepatic in- 
flammation and fibrosis in patients with histologically con- 



firmed NAFLD with abnormal liver function. They also report- 
ed an association between high serum A-FABP levels and pro- 
gression of the disease, which was consistent with our results 
showing an association between A-FABP and FLI as a nonin- 
vasive marker of fatty liver disease. 

Liver biopsy is the definitive method for diagnosing NAFLD, 
but this technique is an invasive procedure and is not completely 
precise due to sampling variability. Thus, some proxy markers 
such as the ratio of liver enzymes or ultrasonography are prefer- 
ably used in epidemiology [16]. The FLI uses an equation with 
GGT, triglycerides, BMI, and waist circumference. It varies be- 
tween 0 and 100 and is known to have significant accuracy in 
detecting NAFLD [17,18]. In addition, according to a study by 
Bedogni et al. [5], an FLI <30 rules out fatty liver. In this study, 
we divided the study subjects into two groups using an FLI of 30 
as the cutoff value. 

There are several limitations to the current study. First, the 
subjects in this study were selected from participants in a health 
check-up and are not representative of the general population. 
Second, there was a relatively large proportion of male subjects 
(66.4%). Third, we did not consider lifestyle risk factors such 
as exercise habits or diet. Despite with these limitations, we 
demonstrated a significant relationship between A-FABP levels 
and the development of NAFLD in healthy subjects at 4-year 
follow-up using the noninvasive marker FLI. Many studies on 
the association of A-FABP with type 2 diabetes or NAFLD as 
seen on ultrasonography have been reported; however, there is 
no study about the association between serum A-FABP levels 
and FLI in healthy Korean subjects. 

In conclusion, this study shows that higher serum A-FABP 
levels at baseline were associated with FLI as a predictive indi- 
cator of NAFLD. In other words, high A-FABP levels were as- 
sociated with a future risk of developing NAFLD. Further 
studies are needed to confirm the role of FLI as a predictive 
marker for NAFLD and its association with A-FABP. 
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